Objective. We examined whether or not CDC's zombie apocalypse campaign had the ability to achieve the agency's goals of educating young people about emergency preparedness and prompting them to get ready by developing an emergency kit and plan. While the campaign was extremely popular, we examined the question of whether the campaign had the capability to translate into knowledge and action.
Each spring, the Centers for Disease Control and Prevention (CDC) attempts to educate Americans about emergency preparedness through social media. Agency officials acknowledge that in most years, its efforts are decidedly dry and largely overlooked. 1 So CDC tried a novel approach in 2011: pegging preparedness to a possible zombie apocalypse. A tongue-in-cheek blog post about what people should do to prepare for a zombie apocalypse and other emergencies attracted so many viewers that it crashed one of the agency's Web servers, went viral, and generated extensive media coverage. [2] [3] [4] CDC officials said the campaign was aimed at attracting a younger audience to the agency's website and teaching it how to prepare for emergencies. 4 Although the campaign drew unprecedented website traffic, CDC officials did not know if this popularity translated into increased knowledge and action. This study examined whether the humorous zombie approach was more or less effective than CDC's typical straightforward approach to educating people about preparedness and prompting them to get ready. Much is at stake because "readying the public for the likely emergencies of the 21st century may be one of the most complex socialeducation challenges the nation has faced." 5 While 85% of Americans believe it is important to be ready for emergencies, 6 "efforts are failing to increase the number of people actually taking steps to ensure their families are prepared." 7 Only a minority of Americans is even partly prepared, 6, 8, 9 and the percentage has remained steady or even declined during the last few years. 6 Communicators in CDC's Office of Public Health Preparedness and Response developed the zombie theme after brainstorming how to attract more attention. The blog post began:
There are all kinds of emergencies out there that we can prepare for. Take a zombie apocalypse for example. That's right, I said z-o-m-b-i-e a-p-o-c-a-l-y-p-s-e. You may laugh now, but when it happens you'll be happy you read this, and hey, maybe you'll even learn a thing or two about how to prepare for a real emergency. 10 The post had the same preparedness tips CDC had offered before, but they were couched in terms of a zombie invasion:
Plan your evacuation route. When zombies are hungry, they won't stop until they get food (i.e., brains), which means you need to get out of town fast! Plan where you would go and multiple routes you would take ahead of time so that the flesh eaters don't have a chance! 10 The post appeared on CDC's Public Health Matters blog on May 16, 2011, and CDC communicators began tweeting and posting about it on Facebook two days later. The server hosting the blog crashed nine minutes after the first tweet was sent, which was also the day the first news stories appeared. The blog post, social media outreach, and media coverage had a snowball effect lasting more than a year. The post received more than 4.8 million views, compared with 1,000-3,000 views for other posts on the same blog. To capitalize on the attention, CDC followed up primarily through social media. An online graphic novella about a couple struggling to survive a zombie pandemic was viewed or downloaded more than 517,600 times.
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The campaign's humorous approach was unusual because humor is used far less often in public service campaigns than fear appeals or straightforward facts. 12, 13 Research suggests that fear appeals-i.e., persuasive messages emphasizing negative consequences from failing to follow given recommendations-may be less likely to influence young adults than older adults because of their perceived invulnerability.
14 In contrast, humor appeals are persuasive messages using positive affect, through humor, to connect positive feelings with the issue involved. 15 Humor can draw attention to messages and deter defensive reactions, such as counterarguing with those messages. 12 By reducing an audience's defense mechanisms, humor may enhance susceptibility to recommendations in health messages. 12, 16 But humor can also elicit what the Elaboration Likelihood Model 17 calls heuristic, or peripheral, information processing rather than thoughtful, or central, processing. 18 A humorous message signals that the situation is nonthreatening and that a high degree of attention or processing is unnecessary. 12 Thus, humor may be more effective in influencing emotional variables (e.g., liking and positive mood) than cognitive ones (e.g., message comprehension). 18 Humor may also undercut message persuasiveness by trivializing serious topics. 15, 19 For example, in linking preparedness information to a zombie apocalypse, a "cognitive transformation" may occur, "rendering material that might otherwise be considered grave as whimsical." 20 
METHODS
This study examined if differences existed (1) in the amount of preparedness information retained by people exposed to CDC's zombie blog post compared with people exposed to a factual presentation of preparedness information and (2) between the groups in how likely people indicated they were to prepare for an emergency. A posttest-only randomized experiment was conducted online with 340 undergraduate students in Chicago, Illinois, in 2012.
Sample
College students were invited to participate in the experiment because the CDC campaign had intended to reach a younger audience with the campaign. Students participated voluntarily in partial fulfillment of an introductory psychology course requirement. The sample consisted of 340 participants, of whom 126 (37%) were men, 187 (55%) were women, and 27 (8%) did not report their gender. The average age of participants was 19.3 years (range: 18-38 years). Participants identified their race/ethnicity as white (60%), Hispanic (13%), Asian (11%), Indian (4%), biracial (4%), black (4%), Middle Eastern (3%), and Native American (,1%).
Procedure
After completing an online consent form, participants were randomly assigned to one of two groups and asked to review either the zombie apocalypse treatment (zombie group) or a factual treatment of preparedness information (factual group). There were 164 participants in the zombie group and 176 participants in the factual group. Although participants were not asked if they had already been exposed to CDC's campaign, participants were randomly assigned to one of the two groups, equating the groups in terms of prior exposure. Participants could choose when and where to do the experiment and use any computer with Internet access. In the debriefing statement they received afterward, participants were asked not to share information about the experiment.
Experimental treatments
The zombie treatment was the actual text and images from the blog post, "Preparedness 101: Zombie Apocalypse." It began with an illustration of a zombie peeking through window blinds, which was also incorporated into the campaign logo near the end of the post. The post then presented a section entitled "A Brief History of Zombies" that included the suggestion that "zombies could take over entire countries, roaming city streets, eating anything living that got in their way." 10 This information was followed by tips on preparing for a zombie apocalypse or other emergencies.
The factual treatment, "Preparedness 101: Before Emergencies Strike," was created to look like a post on the same CDC blog. It used facts from a National Oceanic and Atmospheric Administration website describing the record number of natural disasters in 2011 that caused more than $1 billion each in damage. 21 A logo was created with the same three points-Get a Kit, Make a Plan, Be Prepared-as the zombie logo, but the words were superimposed on a photo of a flood.
The treatment noted that although emergencies cannot be prevented, they can be prepared for, which led to preparedness tips.
Both treatments contained the same CDC preparedness tips, but the zombie treatment wove in multiple references to zombies (e.g., "Pick a meeting place for your family to regroup in case zombies invade your home . . . or your town evacuates because of a hurricane"). Both treatments were reviewed for accuracy by CDC officials. Both had the same type and font size in the text and headings, were approximately the same length, and had the same number of color photos of the same size, including an identical photo of the contents of an emergency kit.
Measures
After they reviewed the material, participants were asked to complete an online survey designed to assess how they felt while viewing the material (affective reactions), their impressions of the material (opinions), whether or not they had experienced an emergency before (prior experience), whether or not they had an emergency kit and plan (prior preparation), their perceived likelihood of experiencing an emergency (perceived likelihood), how prepared they believed they were (current readiness), how important they believed it was for them to prepare (perceived importance), the extent of their motivation to prepare (motivation), their perceived ability to prepare (self-efficacy), how much preparedness information they remembered (retention), and how likely they believed they were to prepare (intention).
Affective reactions. Participants used a five-point response scale to rate the degree to which they felt 22 positive or negative feelings while viewing the material (1 5 very slightly or not at all, 2 5 a little, 3 5 moderately, 4 5 quite a bit, and 5 5 extremely). Principal axis factor analysis with promax rotation revealed four dominant dimensions (anxiety, composure, focused attention, and amusement) that explained 63% of the variance among the 22 items. Four composite indices were constructed by averaging items with factor loadings .0.3 within each dimension. Reliability analyses revealed that each index had an acceptable internal consistency: anxiety (nine items, α50.91), composure (seven items, α50.82), focused attention (four items, α50.75), and amusement (two items, r50.74, α50.85).
Opinions.
Participants rated their level of agreement with 17 statements asking their impressions of the material using a seven-point scale (from 1 5 strongly disagree to 7 5 strongly agree). Principal axis factor analysis with promax rotation revealed four dominant dimensions (utility, entertainment, fright, and dullness) that explained 70% of the variance among the 17 items. Four composite indices were constructed by averaging items with factor loadings .0.3 within each dimension. Reliability analyses showed that each index had an acceptable internal consistency: utility (five items, α50.89), entertainment (five items, α50.89), fright (two items, r50.68, α50.81), and dullness (two items, r50.60, α50.75).
Prior experience and preparation. Five yes/no questions aimed to assess whether or not participants had personally experienced an emergency; had ever searched online for preparedness information; had seen, read, or heard any of the preparedness information in the treatment before viewing it; and already had an emergency kit and plan.
Perceived likelihood of experiencing an emergency. Three questions were designed to measure how likely participants believed they were to experience an emergency in the future (α50.94). Separate 10-point scales were used, with higher scores representing greater perceived likelihood.
Perceived current readiness. Three questions were intended to measure how well prepared participants believed they were for emergencies (α50.90). Separate 10-point scales were used, with higher scores representing greater perceived preparedness.
Perceived importance of preparing. Three questions aimed to measure how important participants believed it was for them to prepare for emergencies (α50.86). Separate 10-point scales were used, with higher scores representing greater perceived importance.
Perceived motivation. Three questions were intended to measure how motivated participants believed they were to prepare for emergencies (α50.93). Separate 10-point scales were used, with higher scores representing greater perceived motivation.
Perceived self-efficacy. Two questions were designed to measure how capable participants believed they were to prepare for emergencies (r50.75, α50.86). Separate 10-point scales were used, with higher scores representing greater perceived self-efficacy.
Retention. Eight questions measured information retention. One required a yes/no answer ("Should your emergency contact list include an out-of-state contact?"); the rest were open-ended questions requiring participants to generate their own responses. For example, participants were asked how much water should be in an emergency kit (answer: one gallon per person per day) and which documents should be copied and placed there (possible answers included driver's license, passport, and birth certificate). Participants were unable to review the preparedness information again while responding to the survey. Three questions were coded based on whether participants provided a correct (1) or incorrect (0) response; five questions were coded based on the number of correct items they listed. For open-ended questions, a blank response was coded as an incorrect answer. Because the questions varied in difficulty and complexity, responses to each question were analyzed separately.
Intention. Intent to prepare for emergencies was measured by two questions asking how likely participants believed they were to create an emergency kit and plan (from 1 5 not at all likely to 10 5 highly likely). These two items were examined separately to study group differences regarding each type of preparation.
RESULTS

Reactions
Participants of the zombie group and factual group had very different affective reactions while viewing the material. Three of the four affective reaction indices showed significant between-group differences. The factual group was more anxious and worried (higher scores on the anxiety index), and the zombie group was more composed and relaxed (higher scores on the composure index) and more amused and entertained (higher scores on the amusement index). There was no significant between-group difference in reported feelings of focused attention (attentiveness and alertness) ( Table 1) .
There were also significant between-group differences in participants' subjective impressions of the material, as measured by all four opinion indices. The factual group found the material more useful and relevant (higher scores on the utility index), scarier and more worrisome (higher scores on the fright index), and drier and more boring (higher scores on the dullness index). Conversely, the zombie group found the material more entertaining and fun (higher scores on the entertainment index) ( Table 1) .
Perceived likelihood of emergencies, importance of preparedness, motivation to prepare, and current readiness Compared with factual group participants, zombie group participants perceived themselves as less likely to experience a future emergency, believed it was less important to prepare for emergencies, expressed less motivation to prepare, and believed they knew less about how to prepare. There was no significant between-group difference in perceived readiness (Table 2) .
Knowledge retention
Three retention questions were scored in a continuous format based on the number of correct responses each participant provided: (1) recommended contents of an emergency kit (eight key items), (2) three basic things people should do before an emergency, and (3) specific documents people should copy and place in an emergency kit (e.g., driver's license, passport, birth certificate, and/or other documents for identification and insurance purposes). Combining the data across the two experimental conditions, mean levels of knowledge retention were emergency kit contents (mean 5 3.46, or 43% of total possible correct responses), three Means are average scores for composite subscales measuring dependent variables of perceived likelihood of emergency (three items), perceived importance of preparing (three items), perceived motivation to prepare (three items), perceived self-efficacy (two items), and perceived current preparedness (three items). Higher scores on a scale from 1 to 10 reflect greater endorsement of the underlying construct. things to do before emergencies (mean 5 0.78, or 26% of total possible correct responses), and documents to put in an emergency kit (mean 5 1.75, or 29% of total possible correct responses). Although the effects sizes were modest, the factual group remembered significantly more of the basic things people should do before an emergency than did the zombie group (Table 3) . Five additional retention questions were scored dichotomously based on whether or not participants provided a correct answer: (1) government agency providing the information (48% of the total sample gave the correct response of CDC), (2) number of emergency meeting places a family should have (80% of the total sample gave the correct response of two), (3) how much water should be in an emergency kit (27% of the total sample gave the correct response of one gallon per person per day), (4) whether or not a kit should include an out-of-state contact (85% of the total sample gave the correct "yes" response), and (5) where to obtain more information on emergencies in one's geographical area (10% of the total sample gave the correct response of the local Red Cross chapter (data not shown). The likelihood of correct responses differed significantly between groups for only one question: The factual group was more likely (32%) and the zombie group was less likely (22%) to remember the amount of water to include in a kit (p50.039) compared with what would be expected by chance if both groups were in fact equal (Table 4) .
Overall, the factual group displayed greater retention relative to the zombie group for seven of the eight questions, although these differences were significant for only two. Thus, the results indicate that the zombie approach either had no influence on retention or resulted in less retention relative to the factual approach.
Likelihood of preparing for future emergencies
Of the total sample, 14% reported already having an emergency kit and 20% reported already having an emergency plan. Among participants without a kit, there was no significant difference in the reported likelihood of creating a kit between the zombie group (mean 5 4. 
Demographic moderators of message effects
We also examined possible interactions between message effects and demographic factors (i.e., age, ethnicity, and gender). We found too little variation in age (skewness value 5 5.37) in our college sample to permit analyses of its interactions with the treatment Table 3 . Free-response measures of knowledge retention as a function of the online presentation of emergency preparedness information in the form of a zombie apocalypse vs. straightforward facts, Chicago, Illinois, 2012 (n=340 students) b Means are average numbers of correct responses to open-ended questions requiring respondents to generate their own answers, based on their memory of the information to which they were exposed. Higher scores reflect greater knowledge retention, with possible scores ranging from 0 to 8 for recommended contents of emergency kit, 0 to 3 for things people should do before an emergency, and 0 to 6 for documents to copy and put in an emergency kit. Thus, in terms of complete (100%) knowledge retention, zombie group means on these three dependent measures are at the 41st, 20th, and 28th percentiles, respectively; factual group means are at the 45th, 30th, and 30th percentiles, respectively. 
50.03).
Inspection of 95% CIs for group means disclosed that for each of these three indices, men scored significantly higher than women in the zombie group, but there was no significant difference by gender in the factual group. Thus, although men found the zombie treatment more amusing and entertaining and attended to it with greater focus than did women, gender did not moderate message effects on readiness, importance of preparing, motivation, self-efficacy, retention, or intention.
DISCUSSION
CDC's goals for the zombie campaign were to draw young people to the agency's website, teach them how to prepare for emergencies, and spur them to do so.
The campaign was remarkably popular, as measured by the millions of website visits, extensive media coverage, and social media buzz. But in terms of educating people about preparedness and prompting them to become ready, our findings suggest that the capability of the campaign fell short of CDC's goals.
Participants in our study exposed to the zombie treatment clearly enjoyed the blog post and felt amused and entertained while viewing it, much more so than participants exposed to the factual treatment. Subjective impressions of the zombie material were that it was fun, cool, and interesting. However, the zombie group's positive affect did not translate into greater retention of preparedness information or greater expressed intent to develop an emergency kit or plan than the factual group.
Several alternative explanations can be attributed to these findings other than the zombie approach being less effective in promoting preparedness knowledge and action. One possibility is that the study lacked adequate power to detect the statistical significance of small effects. However, power analysis reveals that the sample sizes (zombie n5164, factual n5176) provided sufficient (80%) power to detect effect sizes as small as d50.3, which is considered a small effect. 22 Another alternative explanation is that the zombie experimental treatment did not accurately represent the content of CDC's blog post. This interpretation can be discounted because the zombie treatment had the identical text and images as the post; only the external links and advertisements were omitted. Eliminating 12, d50.18) . Only three of the 22 outcome measures (14%) showed significant relationships with time spent on the experiment, and these effects were small to medium in size (d s,0.43). Thus, participants seem to have paid attention to the zombie material, and how much time they spent on the experiment was unrelated to their responses to the dependent measures. Nevertheless, we cannot rule out the possibility that the blog post might have different effects when viewed outside the context of a randomized experiment.
Potential clues about the findings may be found in some verbatim responses to the survey questions. One possibility is that the zombie group found the material to be fun, cool, and entertaining, but also distracting. Research suggests that paying attention to a distraction reduces message comprehension. 23 Participants exposed to the zombie treatment may have become so wrapped up in the zombie apocalypse that the preparedness information may have seemed drab and unimportant by comparison. For example, in response to the question, "Which documents should you copy and put in your emergency kit?," a zombie group participant answered, "I don't remember. I was paying attention to the zombie thing." Another possibility is that the zombie group considered the zombie apocalypse fantasy, and, therefore, believed that none of the information needed to be taken seriously. For instance, in response to the question, "How much water should be in an emergency kit?," a zombie group participant answered, "None. It's not real." If participants considered the zombie material distracting or unreal, they may have used peripheral processing while viewing the zombie treatment and, thus, may have been less engaged with the preparedness information. 24 Zombies were mentioned throughout CDC's blog post, including the preparedness tips. However, having a clear demarcation between the fantasy-based zombie information and reality-based preparedness information might have prompted viewers to perceive that the fun is over and it is time to be serious. In other words, the blog post could purposefully stimulate viewers to switch from peripheral to more thoughtful central information processing, possibly increasing retention of preparedness information and prompting more people to get ready. Future research would be needed to evaluate the effectiveness of this approach.
Limitations
This study had several limitations. There was no untreated baseline group to assess what the study population already knew about preparedness. Without knowing the level of existing knowledge, we could not gauge how much the total sample, as well as either group, learned from exposure to either treatment. Although participants were the age of CDC's target audience, the experiment was conducted at a Jesuit Midwestern university; as such, participants may have differed from the target audience in education level, geographic location, and religious background. Participants also did not seek out the blog post on their own but were exposed to it during an experiment for which they received course credit. Moreover, there was no follow-up study to determine if long-and short-term information retention differed. Such a study could be a possible area for future research. Other directions for future research include following up with participants to determine if they later sought out additional preparedness information from CDC or other sources and evaluating their behavior in an actual emergency.
CONCLUSION
CDC's zombie campaign was an innovative attempt to overcome lack of interest in, and inertia about, preparedness by capitalizing on America's fascination with zombies. Agency officials had hoped the campaign's humor would be a compelling way to teach young adults how to prepare for emergencies and prompt them to get ready. Although the campaign garnered substantial attention, this study suggests that it was not fully capable of achieving CDC's goals of education and action. The results indicate that the zombie experimental treatment either had no influence on information retention or resulted in less retention than the factual experimental treatment. Also, there was no significant between-group difference in reported likelihood of creating an emergency kit or plan.
These findings support previous studies concluding that it is challenging to design public service messages that evoke positive affect as well as intended changes in intentions or behaviors. 16 While humor can be effective in drawing attention to messages, 12 it remains uncertain whether it increases or decreases message persuasiveness. 20 Research posits that although humor may reduce counterarguing with messages, it may also trivialize the topic. 15, 19 Some verbatim responses to the survey questions suggest that trivialization of the preparedness topic may have occurred in the zombie campaign. CDC recognizes that finding the most effective approach to teaching Americans about preparedness and prompting them to get ready is crucial. Because previous campaigns that presented preparedness information in a straightforward way received scant attention, CDC officials deserve credit for trying humor. Rather than discounting the use of humor in campaigns on serious topics such as preparedness, public health officials may want to test other combinations of approaches, including a well-defined demarcation between humor and seriousness.
